I n t r o d u c t i o n . -I n t e r n a l f r i c t i o n peaks a t t r i b u t e d t o grain-boundary r e l a x a t i o n have been much s t u d i e d I 1 I . Recently, Woirgard 12 1 has shown t h a t t h e medium and h i g h t e m p e r a t u r e i n t e r n a l f r i c t i o n s p e c t r a i n f . c . c . m e t a l s i s composed o f peaks Pd s i t u a t e d a t a b o u t 0.4 TM a n d p e a k s
PV s i t u a t e d n e a r 0.6 TM. For aluminium, Pd peaks a r e a b s e n t andPV peaks a r e composed of t h r e e peaks P1, P 2 , P3. F o r p o l y c r y s t a l s , P2 peak prev a i l s and c a n be i d e n t i f i e d t o t h e KG peak 131 .
Recently, we have observed i n h i g h p u r i t y aluminium 141 a s t r o n g i n t e r n a l f r i c t i o n peak PI. W e have a t t r i b u t e d t h i s peak t o t h e d i s l o c at i o n g l i d e c o n t r o l l e d by jog climbing and d i f f u s i o n of v a c a n c i e s along d i s l o c a t i o n s . L a t e r , F r i e d e l 151 has a t t r i b u t e d t h i s peak t o t h e motion by c r o s s s l i p of t h e nodes o f polygonized w a l l s . I n o r d e r t o v e r i f y e i t h e r one h y p o t h e s i s o r t h e
o t h e r , we propose t o p r e s e n t some e x p e r iments on h i g h p u r i t y m e t a l s ( A l , Mg) and p a r t i c u l a r l y t o s t u d y t h e nonl i n e a r e £ f e c t s on t h e P1 peak.
. Experimental r e s u l t s .
Aluminium : Measurements were made on h i g h p u r i t y ( 6 N) p o l y c r y s t a l l i n e aluminium w i t h a t o r s i o n pendulum describedelsewhere14).
A l l t h e samples were annealed 1 h a t 500 K under primary vacuum a f t e r r o l l i n g ( t h e average g r a i n d i a m e t e r i s 1 mm). F i g u r e 1 shows t h e e f f e c t of s t r a i n amplitude on t h e i n t e r n a l f r i c t i o n s p e c t r a f o r a sample c o l d worked i n t o r s i o n t o 1 , 2 % and annealed a t 580 K ( t h e measurement f r equency i s a b o u t 1 Hz) . W e observed f i r s t l y t h a t t h e h e i g h t of t h e P 1 peak s i t u a t e d around 450 K i n c r e a s e s w i t h t h e o s c i l l a t i n g s t r a i n amplit u d e cm t h e n t h e i n t e r n a l f r i c t i o n background monotonically i n c r e a s i n g w i t h t e m p e r a t u r e becomes i m p o r t a n t . The peak t e m p e r a t u r e d e c r e a s e s when t h e v i b r a t i o n a m p l i t u d e i n c r e a s e s .
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The e f f e c t o f a b i a s t o r s i o n stress o f 2.10-5 (p i s t h e s h e a r modulus) on t h e P l peak i s shown b y f i g u r e 2. W e c a n n o t e t h a t t h e peak h e i g h t i s n o t v e r y s e n s i t i v e t o a b i a s stress. S i m i l a r r e s u l t s have b e e n o b t a i n e d f o r samples w i t h o u t coldwork, deformedbycreepor'fatigued. The Pl peak i n c r e a s e s by a n n e a l i n g up t o 500 K and t h e n i s v e r y s t a b l e : i t s h e i g h t d o e s n o t v a r y by a n n e a l i n g up t o a b o u t 750 K . The a c t i v a t i o n p a r a m e t e r s measured by c h a n g i n g t h e f r e q u e n c y ( 0 , 0 3 -0 , 6 Hz) f o r a v i b r a t i o n amp l i t u d e of 1 . 2 1 0 -~ , a r e : a c t i v a t i o n e n e r g y E = 1 . 0 5 + D. 1 eV.
f r e q u e n c y f a c t o r f o = 4 10 1121 -1.
S
F o r a n u s u a l p u r i t y ( 5 N) aluminium, we o b s e r v e t h e normal Ke peak ( o r P2 p e a k ) s i t u a t e d a r o u n d 550 K , t h e P1 peak b e i n g a b s e n t .
Magnesium : Measurement w e r e made o n h i g h p u r i t y (6 N) p o l y c r y s t a l l i n e s a m p l e s , a n n e a l e d 2 h a t 570 K u n d e r a r g o n a f t e r w i r edrawing ( a v e r a g e g r a i n s i z e a b o u t 1 mm).
F i g u r e 3 shows t h e e f f e c t o f t h e v i b r a t i o n a m p l i t u d e on t h e i n t e rn a l f r i c t i o n i n t h e t e m p e r a t u r e r a n g e 300-500 K , f o r a sample c o l dworked i n t o r s i o n o f 2% a t 10 K and a n n e a l e d a t 540 K ( f r e q u e n c y i s
a b o u t 1 H z ) . As i n aluminium, we o b s e r v e a P1 peak s i t u a t e d around400K; i t s h e i g h t i n c r e a s e s a l s o w i t h t h e v i b r a t i o n a m p l i t u d e t h e n t h e i n t e r n a l f r i c t i o n background becomes p r e v a i l i n g . The a c t i v a t i o n e n e r g y measured
by f r e q u e n c y change i s a b o u t 1 eV f o r a s t r a i n a m p l i t u d e E, = 10-'-F o r a 5 N magnesium, t h e P1 peak d o e s no more a p p e a r b u t t h e c l a ss i c a l g r a i n boundary peak i s p r e s e n t .
. G i s c u s s i o n .
-W e h a v e o b s e r v e d a s t r o n g i n t e r n a l f r i c t i o n peak P1 i n aluminium and magnesium. T h i s peak i s v e r y s t a b l e d u r i n g a n n e a l i n g .
Woirgard 1 2 1 h a s a t t r i b u t e d t h e P1 and P3 p e a k s o f aluminium t o t h e d i s l o c a t i o n c l i m b b y b u l k d i f f u s i o n o f v a c a n c i e s . T h i s h y p o t h e s i s seems c o r r e c t f o r t h e P2 and P 3 p e a k s o f which t h e a c t i v a t i o n e n e r g y i s a b o u t t h e e n e r g y f o r t h e b u l k d i f f u s i o n HV. But f o r t h e P1 p e a k , t h i s h y p o t h e s i s c a n n o t b e r e t a i n e d , t h e a c t i v a t i o n e n e r g y ( a b o u t 1 e V ) b e i n g t o o low f o r t h e p r o c e s s p r o p o s e d by Woirgard. So, we t h i n k , t h a t f o r t h e p 1 peak 1 4 1, t h e d i s l o c a t i o n g l i d e i s c o n t r o l l e d by jog c l i m b i n g w i t h d i ff u s i o n o f v a c a n c i e s a l o n g d i s l o c a t i o n s . T h i s model was c r i t i c i z e d by
F r i e d e l ( 5 ( who s u g g e s t s t h a t t h e peak s t r e n g t h must p r e s e n t a s a t u r at i o n a s a f u n c t i o n of t h e o s c i l l a t i n g s t r e s s a m p l i t u d e due t o t h e l i m i - 
t we can p r e d i c t t h a t t h e peak w i l l s h i f t towards low t e m p e r a t u r e s when U i n c r e a s e s , t h e a c t i v at i o n energy of t h e peak v a r y i n g a b o u t a s E = Hd -uv. T h i s phenomenological model does n o t t a k e i n t o a c c o u n t t h e l i m i t e d motion of v a c a n c i e s d u r i n g t h e o s c i l l a t i n g motion of t h e jog and f u rthermore, n e g l e c t s t h e e f f e c t of t h e d i s l~c a t i o n t e n s i o n l i n e . Indeed, l e t ' s c o n s i d e r t h e d i s l o c a t i o n energy b e f o r e t h e jump W(1) and a f t e r t h e jump on a d i s t a~c e a ( w i t h a n e m i s s i o n o r a b s o r p t i o n of a vacancy) W(3). The d i f f e r e n c e between t h e s e two e n e r g i e s w i t h o u t s t r e s s i s due t o t h e i n c r e a s e of t h e d i s l o c a t i o n l e n g t h ( s e e curve a on f i g . 4 B)
: 4
For o b s e r v i n g an i m p o r t a n t r e l a x a t i o n , t h e two pos i t i o n s must have t h e same energy. T h e r e f o r e , w i t h o u t s t r e s s , t h e i n t e r n a l f r i c t i o n peak w i l l be v e r y s m a l l . But when t h e s t r e s s i n c r e as e s , t h e energy W(3) i s d e c r e a s i n g by t h e s t r e s s work.
Thus, t h e two p o s i t i o n s 1 and 3 become e n e r g e t i c a l l y e q u i v a l e n t when oc ab L = v b 4 /~ o r uc/" (b/L) ( 2 ) and t h e r e l a x a t i o n s t r e n g t h must i n c r e a s e . 
Once a s t h e s t r e s s s a t i s f i e s t h i s c o n d i t i o n , t h e jog motion can be l i m i t e d by t h e number o f v a c a n c i e s coming towards

i l l be l i m i t e d and t h e d i s l o c a t i o n behaviour w i l l be e l a s t i c and t h u s t h e i n t e r n a l f r i c t i o n d e c r e a s e s .
Our e x p e r i m e n t a l r e s u l t s on aluminium and magnesium a g r e e very w e l l w i t h t h i s model a s shown by i n t e r n a l f r i c t i o n c u r v e s o b t a i n e d by s u b t r a c t i n g t h e background 6 f = 60 exp ( -C t /T) ( f i g . 5 and 6 ) . The c r i t i c a l s t r e s s oc c o r r e s p o n d i n g t o t h e c o n d i t i o n of t h e peak appearanc e i s a b o u t 1 0~~ p : t h i s v a l u e i s v e r y r e a s o n a b l e and corresponds t o a d i s l o c a t i o n l e n g t h of 103 b ( t h e i n t e r n a l s t r e s s e s a r e n e g l i g i b l e ) .
Then, t h e peak p r e s e n t s a maximum f o r a p e r i o d i c s t r e s s ad. T h i s s t r e s s i s a b o u t 3 1 0~~ U f o r aluminium and 6 1 0 -~ p f o r magnesium.
I t seems n o t a f f e c t e d by a b i a s s t r e s s ( f i g . 2) : t h i s r e s u l t s i s c o n s i s t e n t w i t h o u r model, o n l y t h e p e r i o d i c s t r e s s l i m i t i n g t h e jog motion.
From r e l a t i o n ( 4 ) , we o b t a i n ld -3 b f o r A 1 and c 30 b f o r M g w i t h L = 1000 b. From r e l a t i o n ( 3 ) , w e c a n deduce Hd : Hd i s a b o u t 1 e V f o r t h e two m a t e r i a l s . T h i s v a l u e i s n e a r t h e a c t i v a t i o n e n e r g y of t h e peak. F u r t h e r m o r e , we can o b t a i n from t h e peak s h i f t v e r s u s t h e s t r a i n 3 a m p l i t u d e , a 4. R e f e r e n c e s 1 Nowick, A . S . , B e r r y , B.S., A n e l a s t i c R e l a x a t i o n i n C r y s t a l l i n e S o l i d s , M a t e r i a l s S c i e n c e s S e r i e s (Acad. P r e s s , N.Y.) (1972) .
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F i g . 3 : I n t e r n a l f r i c t i o n i n 6 N magnesium f o r d i f f e r e n t s t r a i n a m p l i t u d e s .
F i g . 2 : P 1 peak i n aluminium f o r d i f f e r e n t o s c i l l a t i n g f r e q u e n c i e s and w i t h o r w i t h o u t s t a t i c s t r e s s l -b e f o r e , 3 -a f t e r formation and m i g r a t i o n of a vacancy. B ) Energy diagram : a ) t o r s i o n l i n e e f f e c t , b) f o r m a t i o n and m i g r a t i o n energy of v a c a n c i e s , C ) a p p l i e d s t r e s s work. Fig. 5 : P l . p e a k s i n aluminium f o r d i f f e r e n t s t r a i n amplitudes ( s e e f i g . 1) w i t h o u t background and r e l a x a t i o n s t r e n g t h o r maximum temperature v e r s u s s t r a i n amplitude.
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F i g . 6 : P1 peaks i n magnesium f o r d i f f e r e n t s t r a i n amplitudes ( s e e f i g . 3 ) w i t h o u t background and r e l a x a t i o n s t r e n g t h -v e r s u s s t r a i n amplitude.
